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New relations between analyticity, Regge trajectories,
Veneziano amplitude, and Moebius transformations
$EGXU5DKLP&KRXGKDU\
%HOO/DERUDWRULHV*UHQGHO3ODFH%RZLH0DU\ODQG86$
In this paper we use the analyticity properties of the scattering amplitude ),( usf  in the context of the
conformal mapping techniques.  The Schwarz-Christoffel and Riemann-Schwarz functions are used to map
the upper half s -plane onto a triangle. We use the known asymptotic and threshold behaviors of the
scattering amplitude to establish a connection between the values of the Regge trajectory functions and the
angles of the triangle. This geometrical interpretation allows a link between values of the Regge trajectory
functions and the generators of the invariance group of Moebius transformations associated with the
underlying automorphic function. The formalism provides useful new relations between analyticity,
geometry, Regge trajectory functions, Veneziano model, groups of Moebius transformations and
automorphic functions. It is hoped that they will provide avenues for further work.
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Introduction
7KHVXSHUVWULQJWKHRU\WKDWKDVHYROYHGLQWR0WKHRU\>@KDVLWVJHQHVLVLQDUHSUHVHQWDWLRQ
IRUWKHIRXUSRLQWVFDWWHULQJDPSOLWXGHE\9HQH]LDQR>2@7KH9HQH]LDQRIRUPXODKDV
LQWULJXHGWKHSK\VLFLVWVHYHUVLQFHDQGDFRQVLGHUDEOHHIIRUWKDVEHHQVSHQWLQZRUNLQJ
EDFNZDUGWRXQGHUVWDQGWKHXQGHUO\LQJSULQFLSOHVDQGV\PPHWULHV>3@DOVRVHHUHIHUHQFHV
DQG
7KHEDVLFSK\VLFVIRURXUIRUPDOLVPLVSURYLGHGE\WKHDQDO\WLFLW\SURSHUWLHVRIWKH
DPSOLWXGH ),( usf LQWKHVSODQHDQGLWVWKUHVKROGDQGDV\PSWRWLFEHKDYLRUV:HHPSOR\WKH
FRQIRUPDOPDSSLQJWHFKQLTXHV>6@WRWUDQVIRUPWKHXSSHUKDOIVSODQHWRDWULDQJOHLQDQ
ω SODQH7KHWUDQVIRUPDWLRQIXQFWLRQω GHSHQGVRQWKHYDULDEOHVDQGWKHDQJOHVRIWKH
WULDQJOH:HXVHDUJXPHQWVEDVHGRQWKHEHKDYLRURIWKHDPSOLWXGHDWWKHWKUHVKROGDQG
DV\PSWRWLFHQHUJLHVWRUHODWHWKHVHDQJOHVWRWKHYDOXHVRIWKH5HJJHWUDMHFWRU\IXQFWLRQV7KH
UHVXOWLVDFRKHUHQWJHRPHWULFDOSLFWXUHWKDWWKURZVQHZOLJKWRQWKH5HJJHWUDMHFWRU\
IXQFWLRQV9HQH]LDQRPRGHOWKHJKRVWHOLPLQDWLRQFRQGLWLRQDQGWKH3RPHUDQFKXN
WUDMHFWRU\,QDGGLWLRQWKHIRUPDOLVPKDVULFKPDWKHPDWLFDOFRQQHFWLRQVWRWKH
GLVFRQWLQXRXVJURXSVRI0RHELXVWUDQVIRUPDWLRQVIXQGDPHQWDOUHJLRQVDQGDXWRPRUSKLF
IXQFWLRQV:HKRSHWKDWWKLVZLOOSURYLGHQHZLQFHQWLYHVWRWKHVWULQJDQGPHPEUDQHWKHRU\
HIIRUWV>@VHHDOVRFKDSWHULQUHIHUHQFH
Analyticity and conformal mapping
&RQVLGHUWKHIRXUSRLQWVFDWWHULQJDPSOLWXGH ),( usf DVDIXQFWLRQRIWKH0DQGHOVWDP
YDULDEOHV>@VXDQGWZLWKVWX P2ZKHUHPLVWKHPDVVRIHDFKVFDWWHULQJSDUWLFOH
LQWKHHTXDOPDVVFDVH,QWKLVWUHDWPHQWZHZLOOWDNHWKHPRPHQWXPWUDQVIHUYDULDEOHWWREH
IL[HGDQGOHWVEHWKHHQHUJ\YDULDEOH6XFKDIXQFWLRQKDVZHOONQRZQDQDO\WLFLW\SURSHUWLHV
DVDIXQFWLRQRILWVFRPSOH[DUJXPHQWVVHHUHIHUHQFH,WKDVWZREUDQFKSRLQWVLQJXODULWLHV
DWV VDQGV X 0≤ DVZHOODVRQHEUDQFKSRLQWDW∞ 7KHVHDQDO\WLFLW\SURSHUWLHVDUH
VKRZQLQ)LJXUHD7KHFXWDORQJWKHULJKWKDQGUHDOVD[LVFRUUHVSRQGVWRWKHVFKDQQHO
LQWHUDFWLRQVZKLOHWKHFXWDORQJWKHQHJDWLYHUHDOVD[LVDULVHVIURPWKHUHTXLUHPHQWRI
FURVVLQJV\PPHWU\DQGUHSUHVHQWVWKHWFKDQQHOLQWHUDFWLRQV:HKDYHFRQVLGHUHGRQO\WKH
VLQJXODULWLHVFRUUHVSRQGLQJWRWKHWZRSDUWLFOHWKUHVKROGV
)LUVWZHPDSWKHVSODQHRQWRD]SODQHVXFKWKDWWKHWKUHHEUDQFKSRLQWVVXDQG∞ DUH
UHVSHFWLYHO\PDSSHGRQWRDQG∞ 
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FIG. 1. The analyticity of scattering amplitude in the (a) s-plane (b) z-plane
1H[WZHPDSWKHXSSHUKDOIFXW]SODQH 0Im >z RQWRWKHWULDQJOH'()LQω SODQHDV
VKRZQLQ)LJXUH7KHH[LVWHQFHDQGFRQVWUXFWLRQRIWKLVPDSSLQJLVSURYHQE\WKH
6FKZDU]&KULVWRIIHOWKHRUHP>@
ω
D
F
E
FIG. 2. The upper half z-plane is mapped on to the triangle DEF in the ω -plane
The mapping function in the present case is referred to as Schwarz triangle function, and
it is given by the incomplete Euler beta function as follows
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7KHWUDQVIRUPDWLRQUHSUHVHQWHGE\HTXDWLRQPDSVWKHXSSHUKDOI]SODQHRQWRWKHWULDQJOH
'()VXFKWKDWWKHEUDQFKSRLQWVDWDQG∞ LQWKH]SODQHDUHUHVSHFWLYHO\PDSSHGRQWR
WKHYHUWLFHV'(DQG)RIWKHWULDQJOH'()LQWKHω SODQH
7KHSDUDPHWHUV$DQG%LQHTXDWLRQDUHUHODWHGWRWKHLQWHULRUDQJOHVRIWKHWULDQJOH'()
DVIROORZV
EDFA ∠=pi 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7KH\GHWHUPLQHWKHSUHFLVHEHKDYLRURIWKHDPSOLWXGHDWLWVEUDQFKSRLQWV
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DFEC ∠=pi 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2EYLRXVO\ZHKDYHWKHIROORZLQJ(XFOLGHDQUHODWLRQ
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Relation to Regge Trajectories
,QRUGHUWRGHWHUPLQHWKHWUDQVIRUPDWLRQIXQFWLRQω UHSUHVHQWHGE\HTXDWLRQZHQHHGWR
GHWHUPLQHWZRRIWKHWKUHHDQJOHVRIWKHWULDQJOH'():HZLOOGRWKLVE\UHTXLULQJWKDWWKH
WUDQVIRUPDWLRQIXQFWLRQω SRVVHVVWKHEHKDYLRURIWKHDPSOLWXGHDWWKHWKUHVKROGDQG
DV\PSWRWLFHQHUJLHV6LQFHWKHDPSOLWXGH ),( usf ZRXOGHYHQWXDOO\EHGHVFULEHGDVD
IXQFWLRQRIω LWPDNHVVHQVHWREXLOGDVPXFKRILWVDQDO\WLFLW\DVSRVVLEOHLQWRWKH
WUDQVIRUPDWLRQYDULDEOHω $VGLVFXVVHGLQUHIHUHQFHWKLVLQIDFWLVWKHPDLQLGHDEHKLQG
WKHPXOWL5LHPDQQVKHHWFRQIRUPDOPDSSLQJWHFKQLTXHV
)RUWKLVSXUSRVHOHWXVH[DPLQHWKHEHKDYLRURIWKHFRQIRUPDOPDSSLQJYDULDEOHω DWWKH
YHUWLFHV'(DQG)ZKLFKUHVSHFWLYHO\FRUUHVSRQGWRWKHWZRSDUWLFOHWKUHVKROGLQWKHW
FKDQQHOWKHWZRSDUWLFOHWKUHVKROGLQWKHVFKDQQHODQGWKHDV\PSWRWLFHQHUJLHVLQWKHV
FKDQQHO
Asymptotic behavior
/HWXVFRQVLGHUWKHEHKDYLRURIHTXDWLRQIRUDV\PSWRWLFYDOXHVRIHQHUJ\V7KHSRLQWV ∞
LVPDSSHGRQWR] ∞ ZKLFKLVPDSSHGRQWRWKHYHUWH[)LQWKHωSODQH,QWKH
QHLJKERUKRRGRI] ∞ WKHPDSSLQJIXQFWLRQωEHKDYHVDVIROORZV
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&RPSDULQJHTXDWLRQVDQGDQGUHFDOOLQJHTXDWLRQZHREWDLQ
)(1 tC tα−= 
7KHPRPHQWXPWUDQVIHUYDULDEOH 0≤t LVIL[HG$VWLVIL[HGDWGLIIHUHQWYDOXHVWKH
JHRPHWU\RIWKHWULDQJOHLQILJXUHFKDQJHVDFFRUGLQJO\7KLVXVHRIDYDULDEOHJHRPHWULFDO
UHJLRQIRUWKHSXUSRVHRIFRQIRUPDOPDSSLQJWHFKQLTXHVLVRQHGLVWLQJXLVKLQJDVSHFWRIRXU
IRUPDOLVPFRPSDUHGWRRWKHUFRQIRUPDOPDSSLQJPHWKRGVXVHGLQSDUWLFOHSK\VLFV>@
Threshold behavior
/HWXVQH[WFRQVLGHUWKHEHKDYLRURIHTXDWLRQDWWKHWKUHVKROGHQHUJ\7KHVFKDQQHO
WKUHVKROGVLVPDSSHGRQWRWKHSRLQW] ZKLFKLQWXUQLVPDSSHGRQWRWKHYHUWH[(RIWKH
WULDQJOH,QWKLVQHLJKERUKRRGWKHωRIHTXDWLRQEHKDYHVDVIROORZV
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ZKHUHαVVLVWKHVFKDQQHO5HJJHWUDMHFWRU\IXQFWLRQ
&RPSDULQJHTXDWLRQVDQGDQGUHFDOOLQJHTXDWLRQZHREWDLQ
)(1 sB sα−= 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ZKHUHαVVLVHYDOXDWHGDWWKHWKUHVKROGV VIRUWKHSXUSRVHRIGHWHUPLQLQJWKHJHRPHWU\
RIWKHWULDQJOH
Ghost elimination condition
/HWXVLQWURGXFHDXFKDQQHO5HJJHWUDMHFWRU\IXQFWLRQ )(uuα DVIROORZV
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VHHUHIHUHQFH
,QRXUWUHDWPHQWLWDULVHVDVDJHRPHWULFDOFRQVWUDLQW
Pomeranchuk trajectory and the threshold behavior
7KHWKUHVKROGSRLQWVVDQGXLQILJXUHDZRXOGEHFRPHWKHSK\VLFDOWZRSDUWLFOH
WKUHVKROGVIRUWKHFDVHRI]HURPRPHQWXPWUDQVIHUW 7KHEUDQFKSRLQWVDWWKHVHWZR
SDUWLFOHWKUHVKROGVDUHRIWKHVTXDUHURRWW\SHDVVKRZQLQUHIHUHQFH7RREWDLQDVTXDUH
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7KLVLVD3RPHUDQFKXNW\SHWUDMHFWRU\ZLWKXQLWLQWHUFHSW,QRXUIRUPDOLVPLWDULVHVIURP
WKHVTXDUHURRWW\SHEUDQFKSRLQWVDWWKHWZRSDUWLFOHSK\VLFDOWKUHVKROGVLQWKHVDQGW
FKDQQHOV3RPHUDQFKXNWUDMHFWRU\SOD\VDQLPSRUWDQWUROHLQXQGHUVWDQGLQJWKHKLJKHQHUJ\
EHKDYLRURIWRWDOFURVVVHFWLRQVLQWKHIRUZDUGGLUHFWLRQ>12@DOVRVHHFKDSWHURIUHIHUHQFH

(TXDWLRQVVKRZWKDWLQWKHVSHFLDOFDVHRIW WKHWULDQJOHLQILJXUHGHJHQHUDWHV
LQWRDYHUWLFDOVWULSVXFKWKDWWKHDQJOHVDWWKHYHUWLFHV'DQG(DUHHDFKDULJKWDQJOHDQGWKH
DQJOHDWWKHYHUWH[)LV]HUR$WWKHVDPHWLPHWKHPDSSLQJIXQFWLRQJLYHQE\HTXDWLRQ
UHGXFHVWRWKHIROORZLQJWULJRQRPHWULFIXQFWLRQ
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7KLVUHSUHVHQWDWLRQGRHVLQGHHGKDYHWKHVTXDUHURRWW\SHEUDQFKSRLQWVDW] DQGZKLOH
LWEHKDYHVORJDULWKPLFDOO\DWLQILQLW\
Amplitude representation
$VGLVFXVVHGDERYHWKHFRQIRUPDOPDSSLQJRIWKHXSSHUKDOIVSODQHRQWRWKHWULDQJOH'()
LQWKHω SODQHLVJLYHQE\WKHIROORZLQJUHSUHVHQWDWLRQ
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UHSUHVHQWDWLRQVIRUWKHDPSOLWXGH ),( usf /HWXVGHQRWHWKLVUHSUHVHQWDWLRQE\WKHIROORZLQJ
HTXDWLRQ
∑ ∞=
=
−==
n
n
n
cnausf 0 )()(),( ωωωφ 
ZKHUHω LVJLYHQE\HTXDWLRQDQG cω LVWKHSRLQWDURXQGZKLFKWKHH[SDQVLRQLVVRXJKW
$VZHKDYHVHHQDERYHWKHYDULDEOHω FRUUHFWO\UHSUHVHQWVWKHDQDO\WLFLW\RIWKHDPSOLWXGH
LHLWFDUULHVWKHWZRSDUWLFOHWKUHVKROGVIRUWKHVDQGWFKDQQHOVDVZHOODVWKHWKUHVKROGDQG
DV\PSWRWLFEHKDYLRUV7KHUHIRUHWKHVLPSOHVW]HURHWKRUGHUUHSUHVHQWDWLRQIRUWKHDPSOLWXGH
LVDVIROORZV
ωωφ =)(0 
7KHQH[WLPSURYHPHQWVFDQEHDFKLHYHGUHFXUVLYHO\E\XVLQJWKHORZHUOHYHODSSUR[LPDWLRQ
LQHYDOXDWLQJWKHH[SDQVLRQFRHIILFLHQWVLQHTXDWLRQ7ZRFDVHVPD\EHFRQVLGHUHGIRU
LOOXVWUDWLRQ
)LUVWOHWXVH[SDQGDERXWWKHSRLQWFRUUHVSRQGLQJWRWKHWZRSDUWLFOHWKUHVKROGLQWKHV
FKDQQHOZKLFKFRUUHVSRQGVWRV V0RU] 8VLQJHTXDWLRQRQWKHULJKWKDQGVLGHRI
HTXDWLRQWKHFRQVWDQWWHUPUHDGVDVIROORZV
)2(
)1()1(
us
us
αα
αα
−−Γ
−Γ−Γ

6HFRQGOHWXVH[SDQGDERXWWKHSRLQWDWLQILQLW\ZKLFKFRUUHVSRQGVWR] ∞RUWKHYHUWH[)
LQILJXUH$VLPLODUSURFHGXUH\LHOGVWKHFRQVWDQWWHUPDVIROORZV
)2(
)1()1()1()2(
)1()1(
ts
ts
us
us s
αα
αα
αα
αα α
−−Γ
−Γ−Γ
−+
−−Γ
−Γ−Γ
−

ZKHUHZHGHFRPSRVHGWKHUDQJHRILQWHJUDWLRQWR∞ LQWRUDQJHVWRDQGWR∞ 
FKDQJHGWKHYDULDEOHDV
r
z 1→ LQWKHVHFRQGUDQJHDQGXVHGHTXDWLRQ
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Relationship to Automorphic functions
/HWXVWDNHDQRWKHUORRNDWILJXUH,WVKRZVKRZWKHXSSHUKDOI]SODQHVKRZQLQILJXUHE
LVPDSSHGRQWRWKHω SODQH/HWXVQRZFRQVLGHUKRZWKHHQWLUH]SODQHPDSVRQWRWKHω 
SODQH7KLVLVVKRZQLQILJXUH7KHHQWLUH]SODQHLQILJXUHELVPDSSHGRQWRWKH
TXDGULODWHUDO')(*LQWKHω SODQHE\WKHWUDQVIRUPDWLRQLQHTXDWLRQDQGHTXLYDOHQWO\
HTXDWLRQ7KHXSSHUDQGORZHUHGJHVRIWKHULJKWKDQGFXWLQILJXUHKDYHEHHQXQIROGHG
RQWRWKHVLGHV()DQG(*UHVSHFWLYHO\RIWKHTXDGULODWHUDO')(*6LPLODUO\WKHXSSHUDQG
ORZHUVLGHVRIWKHOHIWKDQGFXWKDYHEHHQXQIROGHGRQWRVLGHV')DQG'*UHVSHFWLYHO\
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Figure 3: Mapping of the entire z-plane shown in figure 1b on to the  ω -plane
,QWKHSDUODQFHRIDXWRPRUSKLFIXQFWLRQVDQGGLVFRQWLQXRXVJURXSVRI0RHELXV
WUDQVIRUPDWLRQV>@WKHTXDGULODWHUDO')(*LVUHIHUUHGWRDVD´IXQGDPHQWDOUHJLRQµ
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WKDWPDSVWKHVLGH')RQWKHVLGH'*,WLVJLYHQE\WKH0RHELXVWUDQVIRUPDWLRQ71EHORZ
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ZKHUHGLVWKHOHQJWK'(LQILJXUHZKLFKLVUHSUHVHQWHGE\WKHH[SUHVVLRQQXPEHUHG
DERYH7KXVGLVJLYHQE\WKHIROORZLQJHTXDWLRQ
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,WLVLQWHUHVWLQJWKDWWKHYDOXHVRIWKH5HJJHWUDMHFWRU\IXQFWLRQVHQWHULQWKHJHQHUDWRUVIRU
WKHXQGHUO\LQJLQYDULDQFHJURXS
(DFKFRS\RIWKHIXQGDPHQWDOUHJLRQ')(*XQGHUWKHJURXSRI0RHELXVWUDQVIRUPDWLRQV
JHQHUDWHGE\WKHDERYHJHQHUDWRUVLVDFRPSOHWHPDSRIWKHHQWLUH]SODQH7KHFRQIRUPDO
PDSSLQJYDULDEOHω LVWKXVDPXOWLYDOXHGIXQFWLRQRI]7KHLQYHUVHWUDQVIRUPDWLRQRI
HTXDWLRQRUHTXLYDOHQWO\HTXDWLRQZRXOGPDSWKHPXOWLSOHYDOXHVRIω RQWRWKHVDPH
YDOXHRI]DQG]LVDQDXWRPRUSKLFIXQFWLRQRIω 7KHDXWRPRUSKLFIXQFWLRQVDUHDVWURQJ
LQVWUXPHQWWRXQGHUVWDQGVRPHLQWHUUHODWLRQVEHWZHHQJHRPHWU\GLVFUHWHJURXSVRI0RHELXV
WUDQVIRUPDWLRQVDQGFRQIRUPDOPDSSLQJVVHHUHIHUHQFH
$WWKHVDPHWLPHWKHWUDQVIRUPVRIWKH´IXQGDPHQWDOUHJLRQµXQGHUWKHVHWUDQVIRUPDWLRQV
ZLOOFRPSOHWHO\FRYHUWKHω SODQHZLWKRXWRYHUODSVDQGZLWKRXWOHDYLQJDQ\FKLQNVVHH
UHIHUHQFHVDQG7KLVDVSHFWUHTXLUHVWKDWWKHJHQHUDWRUV7DQG7EHF\FOLFRIILQLWHRU
LQILQLWHRUGHU,IDJHQHUDWRUZRXOGKDYHDILQLWHRUGHUQLWLPSOLHVIURPWKHVWUXFWXUHRI7
DQG7WKDWWKHFRUUHVSRQGLQJ5HJJHWUDMHFWRU\IXQFWLRQVKDOOWDNHYDOXHVDWWKHWKUHVKROG
SRLQWVVDQGXDFFRUGLQJWRWKHIROORZLQJFRQVWUDLQW
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Generalization to non Euclidean geometry
7KHDSSURDFKFDQEHH[WHQGHGWRWKHFDVHRIQRQ(XFOLGHDQJHRPHWU\LQSDUWLFXODUWKH
3RLQFDUHPRGHO>@ZKLFKLVRIWHQXVHG$QHHGWRXVHQRQ(XFOLGHDQJHRPHWU\ZRXOGEH
LQGLFDWHGLIWKHFRQVWUDLQWLQHTXDWLRQZRXOGUHDGDVIROORZV
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7KLVFDQFRUUHVSRQGWRWKHFDVHZKHUHWKHJHQHUDWRUVRIWKHXQGHUO\LQJGLVFRQWLQXRXVJURXS
RI0RHELXVWUDQVIRUPDWLRQVZRXOGWXUQRXWWREHF\FOLFZLWKLQILQLWHRUGHU7KHJHRPHWU\
IRUWKHIXQGDPHQWDOUHJLRQZRXOGWKHQLQYROYHFXUYLOLQHDUWULDQJOHV7KHWUDQVIRUPDWLRQ
ZRXOGWKHQEHUHSUHVHQWHGE\DJHQHUDOFODVVRIIXQFWLRQVNQRZQDV5LHPDQQ6FKZDU]
WULDQJOHIXQFWLRQV>@'HILQLQJ$%DQG&DVLQHTXDWLRQVDWRFWKHUHODWLRQVKLS
EHWZHHQWKHDQJOHVQRZUHDGVDVIROORZV
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
7KHWUDQVIRUPDWLRQIURPWKH]SODQHWRWKHω SODQHLVQRZJLYHQE\WKHIROORZLQJHTXDWLRQ
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$VSHFLDOFDVHFRUUHVSRQGLQJWR$ % & RIWKLVWUDQVIRUPDWLRQZDVIRXQGXVHIXOLQ
H[SORULQJWKHDQDO\WLFLW\SURSHUWLHVRIWKHSDUWLDOZDYHVFDWWHULQJDPSOLWXGHV>1718@
Summary and Conclusions
:HKDYHXVHGWKHDQDO\WLFLW\SURSHUWLHVDVRXUEDVLFSK\VLFDOLQSXWWRWKHFRQIRUPDOPDSSLQJ
WHFKQLTXHVGHWHUPLQHGWKHDQJOHVRIWKHFRQIRUPDOPDSSLQJWULDQJOHLQWHUPVRIWKHYDOXHV
RIWKH5HJJHWUDMHFWRULHV:HGHULYHGWKHFRQIRUPDOPDSSLQJYDULDEOHDQGXVHGLWWRDUULYHDW
WKH9HQH]LDQRW\SHDPSOLWXGHLQWKHORZHVWRUGHUDSSUR[LPDWLRQZLWKFOHDUSDWKVIRU
LPSURYHPHQW7KLVSURYLGHGDJHRPHWULFDOLQWHUSUHWDWLRQIRUWKH5HJJHWUDMHFWRULHVDQG
\LHOGHGWKHJKRVWHOLPLQDWLRQFRQGLWLRQDVDJHRPHWULFDOFRQVWUDLQW
2XUIUDPHZRUNKDVDOORZHGXVWRXVHWKHVTXDUHURRWQDWXUHRIWKHWZRSDUWLFOHWKUHVKROGVWR
GHWHUPLQHWKHYDOXHVRIWKHWUDMHFWRU\IXQFWLRQVDWWKHVHWKUHVKROGVIRUWKHFDVHRIIRUZDUG
VFDWWHULQJZKLFKOHGWRWKHH[LVWHQFHRID3RPHUDQFKXNW\SHWUDMHFWRU\ZLWKXQLWLQWHUFHSW
)LQDOO\DFRQQHFWLRQLVPDGHZLWKWKHXQGHUO\LQJDXWRPRUSKLFIXQFWLRQDQGWKHDVVRFLDWHG
LQYDULDQFHJURXSRI0RHELXVWUDQVIRUPDWLRQV:HKDYHOLQNHGWKH5HJJHWUDMHFWRULHVWRWKH
JHQHUDWRUVRIWKLVJURXSZKLFKFRQVWUDLQVWKHYDOXHVRIWKH5HJJHWUDMHFWRULHVWRWDNHRQO\
LQYHUVHLQWHJHUYDOXHVDWWKHWKUHVKROG7KHFRQVHTXHQFHVRIWKHVHQHZUHODWLRQVUHPDLQWR
EHIXUWKHUH[SORUHG
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